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Two species of Chlamydomonas, Chlamydomonas pseudomacrostigma L. $. Peterh ex H. Ettl and 
Chlamydomonas media G. A. Klebs, were examined using light microscopy and the molecular phylog- 
eny of 18S rRNA gene sequences. The molecular phylogeny dearly showed that both species belong to 
the clade Monadinia and are closely related to Chlamydomonas monadina F. Stein and Chloromonas 
subdivisa (Pascher & Jahoda) Gerloff & H. Ettl. Based on detailed light microscopy, the chloroplasts of 
C. pseudomacrostigma were shown to be deep-cup-shaped with a single parietal pyrenoid ( Chlamydella- 
type). Both light microscopy and 18S rRNA gene phylogeny also revealed that an additional strain previ¬ 
ously identified as Chlamydomonas monadina actually belong to C. pseudomacrostigma. A newly iso¬ 
lated Japanese strain of C. media was phylogenetically separated from “C. media ” SAG 10.87, which was 
further distinguished from C. media by the morphology of the stigma. 
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Chlamydomonas Ehrenb. (Volvocales, Chlo¬ 
rophyceae), with 400 to 600 species, is the largest 
polyphyletic genus of unicellular freshwater 
green algae (Ettl 1976, 1983, Proschold et al. 
2001, Nakada et al. 2008). Because many volvo- 
calean genera, families and even suborders have 
been shown to be polyphyletic (e.g. Buchheim et 
al. 1990,1996,1997, Nozaki etal. 2000, Proschold 
et al. 2001, Proschold & Leliaert 2007), there is 
currently no useful Linnean taxonomic system 
within the order Volvocales. Instead, Nakada et 
al. (2008) proposed a phylogenetic classification 
following PhyloCode (Cantino & de Queiroz 
2010), thus making it possible to determine the 
affiliation of a volvocalean species based solely 
on its phylogenetic position. 


As a first step towards reclassification of the 
highly confusing Chlamydomonas species, it is 
necessary to determine the phylogenetic affilia¬ 
tions of each species based on culture strains that 
are morphologically well characterized. In this 
study, strains of Chlamydomonas pseudo¬ 
macrostigma L. §. Peterfi ex H. Ettl and Chlam¬ 
ydomonas media G. A. Klebs from Japan were 
newly isolated and characterized using light mi¬ 
croscopy and 18S rRNA gene phylogeny. They 
were then compared with closely related strains 
and strains previously identified as C. pseudo¬ 
macrostigma SAG 31.86, “C. media ” SAG 10.87 
and “ Chlamydomonas monadina F. Stein” SAG 
8.87. 


Nil-Electronic Library Service 



The Japanese Society for Plant Systematics 


70 Acta Phytotax. Geobot. Vol. 62 


Materials and Methods 

Isolations and cultivations 

Two strains, HcCl-5-3 and TkS0811B3, were 
newly isolated from rewetted soil samples col¬ 
lected from Ibaraki, Japan (July 6, 2004), and 
Tsuruoka, Yamagata, Japan (May 29, 2008), re¬ 
spectively, according to the pipette-washing 
method (Pringsheim 1946). Both strains were de¬ 
posited in the Microbial Culture Collection at the 
National Institute for Environmental Studies 
(NIES; http://mcc.nies.go.jp/top.jsp) as NIES- 
2743 (= HcCl-5-3) andNIES-2744 (= TkS0811B3). 
Other strains (SAG 8.87, 10.87 and 31.86) were 
obtained from Sammlung von Algenkulturen at 
the University of Gottingen (SAG; http://www. 
epsag.uni-goettingen.de/). Culture maintenance 
of the strains was as described by Nakada & No- 
zaki (2007) in AF-6 medium (Kato 1982, modi¬ 
fied as in Andersen et al. 2005) at 20°C. 

Observations 

Light microscopy was carried out using a Lei- 
ca DM2500 microscope equipped with Nomarski 
interference optics (Leica, Wetzlar, Germany) 
and an Olympus DP71 digital camera (Olympus, 
Tokyo, Japan). Observations were performed us¬ 
ing 7-day-old cultures unless otherwise stated. 

DNA sequencing 

The 18S rRNA gene sequences of four strains 
(HcCl-5-3, TkS0811B3, SAG 10.87 and SAG 
31.86) were determined (AB694003-AB694006). 
DNA extraction, polymerase chain reaction 
(PCR) and sequencing were performed as de¬ 
scribed previously (Nakada et al. 2010a). The 
primers for PCR and sequencing were 18S-FA, 
RB, FC, RD, FE, RF, FA2 and RB2 (Nakazawa & 
Nozaki 2004, Nakada et al. 2007, 2010b). 

Phylogenetic analyses 

Based on preliminary analyses, 18S rRNA 
gene sequences obtained from the strains HcCl-5- 
3, TkS0811B3, SAG 10.87 and SAG 31.86 were 
affiliated to the clade Monadinia (Nakada et al. 
2008), and unambiguously aligned with the avail¬ 


able sequences of Monadinia. Sequences of the 
clade Phacotinia and Moewusinia were used as 
an outgroup (Nakada et al. 2008). 

Bayesian phylogenetic analyses using 
MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003, 
1,000,000 generations of Markov chain Monte 
Carlo iterations, with the first 25% discarded as 
burn-in), and bootstrap analyses (Felsenstein 
1985) of maximum likelihood (100 replications, 
nearest neighbor interchange heuristic searches 
started with a neighbor joining tree), maximum 
parsimony (1,000 replications) and neighbor-join¬ 
ing (Saitou & Nei 1987; 1,000 replications using 
Jukes and Cantor distances) analyses using 
PAUP* 4.0bl0 (Swofford 2002) were performed 
as described by Nakada & Nozaki (2009). The 
evolutionary models for Bayesian inference (GTR 
+1 + G) and maximum likelihood analysis (TrN + 
I + G) were selected using MrModeltest 2.2 (Ny- 
lander 2004) and Modeltest 3.7 (Posada & Cran¬ 
dall 1998), respectively. 

Results and Discussion 

Based on the molecular phylogeny and light 
microscopy results (see Remarks for each spe¬ 
cies), the strains TkS0811B3, “ Chlamydomonas 
monadina" SAG 8.87 and C. pseudomacrostigma 
SAG 31.86 were (re)identified as C. pseudo¬ 
macrostigma. The strain HcCl-5-3 was identified 
as C. media while “C. medid’ , SAG 10.87 was de¬ 
termined not to be C. media and treated instead 
as Chlamydomonas sp. Additionally, epitypes for 
the types of C. pseudomacrostigma and C. media 
were designated with the figures based on the 
newly characterized strains. 

Chlamydomonas pseudomacrostigma L. §. Pe- 

terfi ex H. Ettl (TkS0811B3, SAG 8.87 and SAG 
31.86; Figs. 1 & 2) 

Holotype. Bourrelly (1951), figs. 33-34 
(France. A pond of Villebon, April.1948). 

Epitype. Fig. 1 (designated here), based on 
the culture strain TkS0811B3 (== NIES-2744; iso¬ 
lated from Tsuruoka, Yamagata, Japan, 29. 
May.2008). 
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vodorostd LJRSR4: 76. 1938. — Type: Korshikov (193 
fig. 30a (holotype: erroneously cited as "fig. 30b" in Kt 
shikov 1938). [-Chlamydomonas cingulata Pascher v 
charkowiemis Korshikov in Pascher. Stisswassertiora 
272. 1927. nom. nud. (lacking description and diagnos 

and name not accepted). . Chlamydomonas prohoscige 

Korshikov var. charkos\ lens is (Korshikov) L. S. Peterfi 


Synonymy. Chlamydomonas pseudomacrostigma L. 

Peterfi ex. H. Ettl in Nova Hedwigia Beih. 49; 358. 1976 
== Chlamydomonas macropiastida .1. W. G. Lund f. 
macrostigma Bourr. in Uydrobiologia. 3: 256, 1954- — 
Type: Bourrelly (1951), figs. 33-34 (holotype). Fig. 1 (epi- 
type. here designated), f Chlamydomonas pscudo- 
macrostigma L. S Peterfi in Nova Hedwmia 16: 223. 






























among the examined 1691 bases. 1 he strains ot 
C. pseudomacrostigma were sister to C. monadi- 
na SAG 31.72 (1.00 PP and 85-93% BPs). 

Distribution. France (Bourrelly 1951). Roma¬ 
nia (Peterfi 1968), Ukraine (Korshikov 1938, 
Massjuk et a/. 2011), United Kingdom (SAG 8.87, 
SAG 31.86 and CCAP 11/46: SAG, http: \\\\\\. 
epsag.uni-goettingen.de/; CCA P. http: //vvww. 
ccap.ae.uk.') and Japan (TkS0811B3). 

Strains. TkS()811B3 (=NIES-2744), SAG 8.87 
(preGously identified as ‘X'ihlamydomonas 
monaditia "), SAG 31.86 and CCAP 11/46 
(“Chlamydomonas sp"). 

Remarks. The morphology of the culture 
strains was essentially the same as Chiamydomo- 
nas pseudomacrostigma described by Bourrelly 
(1951) and Peterfi (1968) in that they have ellip¬ 
soid cells with an angular papilla, an anterior nu¬ 
cleus, and a ehloroplast with an anterior linear 
stigma t Figs, 1 & 2), but the structure of the ehlo¬ 
roplast was different. According to Bourrelly 
(1951) and Peterfi (1968). C. pseudomacrostigma 
has a cup-shaped ehloroplast with a basal pyre- 
noid (Euchlamydomonas-ixpe). while the Japa¬ 
nese and British strains had a deep-cup-shaped 
ehloroplast with a parietal pyrenoid (Chkrmydel- 
ki- type). However, the ehloroplast cavity posteri¬ 
or to the pyrenoid was narrow and inconspicuous 
in the examined strains (Figs. IB, C & 2B. D) and 
thus may have been overlooked by Bourrelly 
(19511 and Peterfi (19681 
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8.87 and SAG 31.86 (Figs. 1 & 2), was almost in¬ 
distinguishable from the illustration of “C. 
monadina var. charkoviensis ” by Korshikov 
(1938). However, the flagella of the examined 
strains were as long as the cell, unlike in the ho- 
lotype in which they are shorter than the body, 
but the relative flagellar length is not stable 
through cell growth, and does not represent a 
species level difference. 

Cells of Chlamydomonas monadina var. 
monadina have a half-ring shaped pyrenoid, but 
the strains TkS0811B3, SAG 8.87 and SAG 31.86 
had an ellipsoid pyrenoid (Figs. IB, C, G & 2B, 
D) and are phylogenetically separated from C. 
monadina SAG 31.72 (Fig. 5). Therefore, C. 
monadina var. charkoviensis is here separated 
from C. monadina and recognized at the species 
level as C. pseudomacrostigma. Although the 
morphology of strain CCAP 11/46, labeled 
Chlamydomonas sp., was not examined in this 
study, its 18S rRNA gene sequence was identical 
to that of SAG 8.87 and SAG 31.86, and it is thus 
included within C. pseudomacrostigma. 

Among the species of Chlamydomonas, 
Chlamydomonas pachychlamys Pascher & Jaho- 
da, Chlamydomonas eupapillata F. Moewus, 
Chlamydomonas trulla Pascher and Chlamydo¬ 
monas pseudoelliptica Bourr. have ellipsoid to 
ovoid cells with keel-like or abrupt papillae and a 
smooth chloroplast with a linear stigma and a sin¬ 
gle pyrenoid (Ettl 1983). However, C. pachychla¬ 
mys has smaller cells (8-14 pm), C. eupapillata 
has a posterior stigma, C. trulla has a dorsal not 
transversely central pyrenoid, and the nucleus of 
C. pseudoelliptica is longitudinally medial or 
more posterior. Additionally, C. monadina var. 
seligeriensis Korshikov is similar to C. pseudo¬ 
macrostigma. Korshikov (1938) distinguished C. 
pseudomacrostigma (as C. monadina var. char¬ 
koviensis) from C. monadina var. seligeriensis 
based primarily on the position of the stigma (C. 
monadina var. seligeriensis has a posterior stig¬ 
ma). Although Ettl (1976) considered C. monadi¬ 
na var. seligeriensis to be an ecotype of “C. pro- 
boscigera var. charkowiensis the former variety 
is not included in the synonymy here, because 
cells with a posterior stigma were not observed 


among the strains of C. pseudomacrostigma. 

Boldina (1996) examined the ultrastructure of 
the pyrenoid of Chlamydomonas pseudo¬ 
macrostigma CCAP 11/82 (= SAG 31.86), and 
found it to be associated with fragmented starch 
granules and a matrix dissected by two-layered 
flattened thylakoids (Boldina 1996). Konstanti¬ 
nova & Boldina (2000) and Boldina (2011) called 
this kind of pyrenoid a Type III pyrenoid. Roso- 
wski & Hoshaw (1988) examined C. monadina 
UTEX 760 and confirmed that the pyrenoid was 
also Type III, supporting the close relationship 
between C. pseudomacrostigma and C. monadi¬ 
na. 

Chlamydomonas media G. A. Klebs var. media 
(HcCl-5-3; Fig. 3) 

Holotype. Klebs (1896), fig. 12 (culture strain 
isolated from Basel, Switzerland, in autumn, 
1895). 

Epitype. Fig. 3 (designated here), based on 
the culture strain HcCl-5-3 (= NIES-2743; isolat¬ 
ed from Ibaraki, Japan, 6.July.2004). 

Synonymy. Chlamydomonas media G. A. Klebs var. 
media in Fortpfl. Alg. Pilz.: 424. 1896. — Type: Klebs 
(1896), fig. 12 (holotype). Fig. 3 (epitype, here designat¬ 
ed). 

= Chlamydomonas media var. eustigma Gerloff in 
Arch. Protistenkunde 94: 362. 1940. — Type: Gerloff 
(1940), figs. 30-31 (holotype). 

Description {based on HcCl-5-3 ). Vegetative 
cells asymmetrical obovoid, ellipsoid, short cy¬ 
lindrical to ovoid with almost straight ventral 
surface (Fig. 3A-C). Cell wall thin, with a slight¬ 
ly rounded keel-like papilla in front (Fig. 3B, J, 
K). Flagella two, as long as cell. Chloroplast 
deep-cup-shaped, with a single parietal pyrenoid 
in middle region (Chlamydella- type; Fig. 3B-I). 
Chloroplast semi-circumferentially thickened in 
pyrenoid region, broadly crescent-shaped in 
cross-section (Fig. 3G, H). Chloroplast surface 
relatively smooth (Fig. 3A). Pyrenoid large, ellip¬ 
soid, half as wide as cell, on dorsal surface, cov¬ 
ered with numerous starch granules (Fig. 3B, C, 
G, H, L). Stigma linear, located in anterior por¬ 
tion of chloroplast (Fig. 3A). Nucleus located near 
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and often slightly above pyrenoid (Fig. 3C. G). 
Contractile vacuoles two. in apical region (Fig. 

3C. D). Cells 13.20 pm long. 7-13 //m wide. 

Asexual reproduction by usually two. rarely four, 
zoospores (Fig. 3M). 

Phylogany. In the Bayesian tree of the clade 
Monadinia (Fig. 5). Chlamydomonas media 
HcCl-5-3 formed a clade with C. pseudo¬ 
macrostigma . C. monadina SAG 31.72. Chlo- 
romonas subdivisa (Pascher & Jahoda) Gerloff & 
FT Ettl SAG 67.72 and Chlamydomonas sp. 
("Chlamydomonas media") SAG 10.87 (1.00 PP 
and 75-91% BPs). The sister group of C. media 
was not resolved in these analyses: however, the 
sister relationship between C. media HcCl-5-3 
and Chlamydomonas sp. SAG 10.87 (previously 
labeled "C. media") was rejected (< 0.05 PP and < 
5% BPs). 

Distribution. Common in Europe, including 
the former USSR (Ettl 1976. 1983. Massjuk et al. 
2011). and Japan (HeCl-5-3). 

Strain. HcCl-5-3 (=NlES-2743) 

Remarks. Pascher (1927) established Chlam- 
ydomonas media var. minor Pascher based on its 
smaller size (< 12 pm long) in comparison with 


the type variety (14-20 pm long, according to 
Klebs 1896). Although Gerloff (1940) established 
another variety. C. media var. eustigma. its diag¬ 
nostic characteristics (a flatter papilla, larger stig¬ 
ma. irregular chloroplast and pyrenoid with 
thicker starch plates) are trivial The original 
drawings (Gerloff 1940) are almost indistinguish¬ 
able from the type variety (Klebs 1896. fig. 12: 
Gerloff 1940, fig. 46). Chlamydomonas media 
var. eustigma is therefore treated here as a syn¬ 
onym of Chlamydomonas media var. media. 

Among the species of Chlamydomonas hav¬ 
ing a Chlamyde/la-type chloroplast. three taxa 
(Chlamydomonas pseudogloeogama Gerloff. 
Chlamydomonas moewusii Gerloff var. moewusii 
and Chlamydomonas moewusii var. microstigma¬ 
ta (J. W. G. Lund) FI. Ettl) are similar to C. media 
in having somewhat ellipsoid cells with rounded 
ends and a similar size range (13-20 pm), a ho¬ 
mogenous chloroplast with a smooth surface and 
a long elliptic or linear stigma in the anterior re¬ 
gion, a nucleus near or anterior to the pyrenoid. 
and rounded conical or keel-like papillae. Chlam¬ 
ydomonas pseudog/oeogatmy however, has 
slightly smaller cells (11-15 pm: Ettl 1983) and is 
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1.00/100p Chlamydomonas pseudomacrostigma TkS0811B3 (=NIES-2744; AB694004) 

r SAG 8.87 (AY220559) 


*— Chlamydomonas pseudomacrostigma SAG 31.86 (AB694006) 

h CCAP11/46 (FR865587) 

- Chlamydomonas monadina SAG 31.72 (U57694) 


|—Chloromonas subdivisa SAG 67.72 (AF517096) 

- Chlamydomonas media var. media HcCI-5-3 (=NIES-2743; AB694003) 


1 — Chlamydomonas sp. (“Chlamydomonas media") SAG 10.87 (AB694005) 

- Chlamydomonas cf. pseudopulsatilla CCCryo 050-99 (GU117578) 


-178 
71/90 
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- Chlamydomonas reginae SAG 17.89 (DQ009749) 

-Chlamydomonas uva-maris SAG 19.89 (DQ009757) 
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- Wislouchiella planctonica UTEX 1030 (AF252547)! 
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■ - Phacotus lenticularis SAG 16.99 (AY009897) 
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100/100 1 - Chlamydomonas moewusii 

CC-1419 CU411741 

Chlamydomonas noctigama UTEX 1339 (AF008241) ' 


■ Chlamydomonas parkeae MBIC 10599 (AB058373) 


Fig. 5. Bayesian phylogenetic tree of the clade Monadinia (Volvocales) based on 18S rRNA gene sequences showing the phy¬ 
logenetic positions of Chlamydomonas pseudomacrostigma , Chlamydomonas media var. media and Chlamydomonas sp. 
SAG 10.87 (shown in bold). Sequences of the clades Phacotinia and Moewusinia were used as the outgroup. The corre¬ 
sponding posterior probabilities (> 0.90; top left) and the bootstrap proportions (> 50%) from maximum likelihood (top 
right), maximum parsimony (bottom left) and neighbor-joining (bottom right) analyses are shown by the branches. Branch 
lengths and the scale bar represent the expected number of nucleotide substitutions per site. Accession numbers of the In¬ 
ternational Nucleotide Sequence Databases for each gene are indicated in parenthesis. 


phylogenetically affiliated to Moewusinia (Naka- 
da et al. 2008). The cells of C. moewusii var. 
moewusii are slightly smaller (9-16 //m) than 
those of C. media (13-20 /am), and the stigma of 
C. moewusii var. microstigmata is apparently 
smaller than C. media. Phylogenetically, C. 
moewusii is affiliated to the clade Moewusinia 
(Buchheim et al. 1990, Nakada et al. 2008). 

Although the strain SAG 10.87 was labeled 
“Chlamydomonas media ” (http://www.epsag.uni- 
goettingen.de/), it is phylogenetically distant 
from C. media HcCl-5-3 (Fig. 5). Strain SAG 
10.87 was similar to HcCl-5-3 in that it has ellip¬ 
soid vegetative cells with a keel-like papilla and a 
Chlamydella- type pyrenoid (Figs. 3 & 4). Both 
strains, however, were clearly distinguished from 


each other by their stigmata. While strain HcCl- 
5-3 had a linear stigma in the anterior portion of 
the cell (Fig. 3A), strain SAG 10.87 had a broadly 
elliptic stigma in the middle (Fig. 4A). Because 
Klebs (1896) depicted an anterior stigma in the 
type illustration, strain HcCl-5-3 is here assigned 
to C. media while SAG 10.87 should be redeter¬ 
mined. Under light microscopy, SAG 10.87 was 
similar to Chlamydomonas terricola Gerloff, but 
it is currently treated as a synonym of Chlamydo¬ 
monas noctigama Korshikov based on the molec¬ 
ular phylogeny of strain UTEX 406 (Buchheim et 
al. 1997), which had been identified as C. terri¬ 
cola (Starr 1964). Therefore, for conclusive iden¬ 
tification of strain SAG 10.87, further compara¬ 
tive studies are necessary. 
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Conclusion 

Two species of Chlamydomonas, C. pseudo¬ 
macrostigma and C. media, were re-character¬ 
ized using detailed microscopy, and their phylo¬ 
genetic positions were revealed for the first time 
using 18S rRNA genes. Both species were clearly 
shown to belong to the clade Monadinia. Because 
the type species of Chlamydomonas, Chlamydo¬ 
monas reinhardtii P. A. Dang., belongs to the 
clade Reinhardtinia (Nakada et al. 2008, Nakada 
et al. 2010b), the species in clade Monadinia 
should be excluded from Chlamydomonas after 
detailed characterizations of the other species/ 
strains. 
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